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; KANSAS DEPARTMENT OF TRANSPORTATION CONSULTANT AGREEMENT
&t 74
This Amendment is made and entered 1into this H7 = day of
czﬂUE/ 1989, by and between the Secretary of Transportation of

the State of Kansas, hereinafter referred to as "Secretary”, and Wood-
ward-Clyde Consultants, consulting engineers with principal offices in
Wa+nut~%reek, California, hereinafter referred to as "Consultant."”
Galawn

WITNESSETH:

WHEREAS, this Consultant has technical expertise 1in Pavement
Management pursuant to the Agreement for Engineering Services
(attachment "A") dated November 1, 1983, hereinafter referred to as
“Contract”, and the Amendment and Supplement to Kansas Department of
Transportation Consultant Agreement (Attachment "B") dated January 7,
1986, hereinafter referred to as "Amendment One", and,

WHEREAS, it is in the best interest of the Secretary to develop
at the earliest feasible date, a methodology to select optimal
pavement preservation policies for all road categories simultaneously,
subject to budgetary constraints, as an enhancement to the Pavement
Management System, and,

WHEREAS, it would be to the best interest of the Secretary that
said Consultant continue to provide engineering services necessary for
the proposed enhancement to the Pavement Management System as set
forth in the Contract and Amendment One, and,

WHEREAS, the Secretary now has the data and resources necessary
to allow the Consultant to accomplish the proposed enhancement to the
Pavement Management System, and,

WHEREAS, the Consultant has submitted a work plan (attachment
"C") dated October 4, 1985, for an optional task 16, as part of the
proposal for Amendment One, including a budget and a time schedule,
hereinafter referred to as "Proposal”, which quantify the proposed
enhancement to the Pavement Management System for Kansas, and which
is acceptable to the Secretary, and,

WHEREAS, it is in the best interests of the parties to have a
second amendment and supplement to the Contract to allow for addition-
al time, supplemental work, and increased fees, costs and expense of
the Consultant due to addition of Optional Task 16 from the Proposal.

NOW THEREFORE, upon mutual promises and consideration herein
before made, the parties agree to again amend and supplement the Con-
tract and Amendment One attached hereto and incorporated by reference
herein, to include the tasks, budget, and time schedule designated and
described in the Proposal, also attached hereto and incorporated by
reference herein as part of Amendment One, to provide the following:

1. Optional Task 16 as described and outlined on pages 10 and 11
of the Proposal are added to the Contract and are acknowledged by the
Secretary as the work necessary to enhance the PMS for Kansas.

2. The budget detailed on page 15 of the Proposal is hereby
increased by $26,972 to $126,247 to allow for an increase in TRAVEL
and a fifteen percent (15%) adjustment for inflation from the date of
the proposal.
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3. Article I, Section 5, Paragraphs 1 and 3 of the Contract and
Provision 4 of Amendment COne are hereby voided and replaced in their
entirety by the following provisions:

The Secretary agrees:

Upon receipt of proper billing, to pay the Consultant for
services as follows:

Compensation for the Project shall be made on the basis of the
Consultant’s actual cost plus a net fee amount of $53,890 1in
conformance with the cost principles established in Vol. 1, Ch. 7,
Sec. 2 of the Federal-Aid Highway Program Manual and 41 Code of
Federal Regulations (CFR) 1-15.000 et.seq.

The wupper T1imit of compensation for the Project shall be
$692,785, which does not include $4847.81 paid in June, 1985 for work
beyond the scope of the Contract. The upper limit includes $100,000
for computer resources to be provided by the Consultant. At the
option of the Secretary, with notice to the Consultant prior to a
notice to proceed, these resources may be provided from another
source. Exercise of this option will decrease the contract upper
1imit by an amount up to $100,000.

The voucher for final payment for the Project due under the
provisions of this Amendment may be submitted after completion and
approval by the Secretary of Task 16 in the Proposal.

4. Article II, Sections 1 and 2 of the Contract are amended to
require a working PMS acceptable to the Secretary at the conclusion of
this amended and supplemental agreement, including completion of Task
16 of the Proposal within nine (9) months from this date.

5. The provisions found in Contractual Provisions Attachment
(form DA-146a), which is attached hereto and executed by the parties
to this agreement, are hereby incorporated in this contract and made a
part hereof.

6. The parties agree that all terms of the original Consultant
Agreement and attachments of the original agreement, including and not
Timited to non-discrimination clauses approved by the parties, will
have full force and effect and the only modifications in the Contract
will be the new completion date, contract amount, and additional tasks
set forth.

IN WITNESS WHEREOF, the parties have caused this Amendment and
Supplement to Kansas Department of Transportation Consultant Agreement
to be signed by their duly authorized officers on the day and year
first above written.

WOODWARD>CLYDE CONSULTANT /7> HORACE B. EDWARDS
David R. Galouty, P.F. Secretary of Transportatio
Vice President and Senior“Managing of the State of Kansas
Principal, Environmental. Systems BY: WILLIAM M. LACKEY

June 23, 1989 State Transportation Engineer
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CONTRACTUAL PROVISIONS ATTACHMENT

Important;  This form contains mandatory contract provisions and must be attached to or incorporated in all copics of any contractual agreement. I it is
attached to the vendor/contractor’s standard contract form, then that fonn must be altered to contain the following provision:

“The provisions found in Contractual Procisions Attachment (form DA-146a),
which is attached hereto and cxecuted by the parties to this agreement, are hereby
incorporated in this contract and made a part hereof.”

The undersigned parties agree that the following provisions are hereby incorporated into the contract to which it is attached and made a part thereof, said
contract being the day of 19 .

1. TERMS HEREIN CONTROLLING PROVISIONS

It is expressly agreed that the terms of each and cver{ provision in this attachment shall prevail and control over the terms of any
other conlflicting provision in any other document relating to and a part of the contract in which this attachment is incorporated.

AGREEMENT WITH KANSAS LAW
All contractual agreements shall be subject to, governed by, and construed according to the laws of the State of Kansas.

3. TERMINATION DUE TO LACK OF FUNDING APPROPRIATION

If, in the judgment of the Director of Accounts and Reports, State Department of Administration, sufficient funds are not
appropriated to continue the function performed in this agreement and for the payment of the charges hereunder, State may
terminate this agreement at the end of its current fiscal year. State agrees to give written notice of termination to contiactor at least 30
days prioi to the end of its current fiscal year, und shall give such notice for a greater period prior to the end of such fiscal year as may
be provided in this contract, except that such notice shall not be requirc:i prior to 90 (Suys before the end of such fiseal year.
Contractor shall have the right, at the end of such fiscal year, to tuke possession of any equipment provided State under the contract.
State will pay to the contractor all regular contractual payments incurred through the end of such fiseal year, plus contractual charges
incidental to the return of any such equipment. Upon termination of the agreement by State, title to any such equipment shall revert
to contractor at the end of State’s current fiseal year. The termination of the contract pursuant to this pnmgmp{l shall not cause any
penalty to be charged to the agency or the contractor.

4. DISCLAIMER OF LIABILITY

Neither the State of Kansas nor any agency thereof shall hold harmless or indemnify any contractor beyond that lability incurred
under the Kansas Tort Claims Act (K.S.A. 75-G101 et seq.)

5. ANTI-DISCRIMINATION CLAUSE

The contractor agrees: (a) to comply with the Kansas Act Against Discrimination (K.SAL 411000 ef seq ) and the Kansas Age
Discrimination in Employment Act (K.S AL 44-1111 et seq) and to not discriminate againstany person who performs work hereunder,
because of mee, relivion, color, sex, physical handicap unrelated to such person’s ability to coeage in this work, national origin or
ancestry, or age; (b) to include in all solicitations or :\(chxtisemculs for emplovees, the phrase “equal opportunity coaployer™; () to
comply with the repoiting requirements set out at KS.AL L1031 and KSACBHTHG, () to include those provisions in every
subcontract or purchase order so that they are binding upon such subcontractor or vendor; (¢} that a failure to comply with the
reporting requirements of (¢) above or il the contractor is found guilty of any violation of such act by the Kansas Commission on Civil
Rights, shall constitute a breach of the contract and it may be cancelled, terminated or suspended i whole orin pat by the Director
of Purchases, State Department of Administration,

to

Parties to this conbiact understand that subsections (h) thronwh (e) of this pararaph number 5 awe notapplicable to a contiactor who

emplovs fewer than four emiploy ces or whose contract with this agency of the Kansas state govermment total Tess than $5,000 during
this liscal year.

6. ACCEPTANCLE OF CONTRACT

This contruct shall not be considered accepted, approved or othenwise ellfective until the statatorily vequived approvals and
certilications have been given.

ARBITRATION, DAMAGIES, WARRANTILES

Notwithstnding any language to the conteany, no interpretation shadl be adlowed to find the State o1 any agenay thereol has ageed to
binding mbiteation, or the payvment of dimages or penalties npon the occuence of a contingency . Further, the State of Kansas shall
nut agree to pay attomey fees and Tate piyment charges heyvond those avinhable under the Kansas Prompt Pay ment Act (K SUAL
73-6103), andd wo provision will he given ellfect which attempts to exclude, modily, dischaim o otherwise attempt to limit implicd
warnanties ol merchantability and fitness Tor a paticular pupose

S BEPRESENTATIVE'S AUTHORITY TO CONTRACT
By signing this docwment, the vepresentdive of the contiactor thewehy vepresents that such person is duby authovized by e
contractor to exconte this document on bhelali ol the contiactor and that the contracton agnees to be boud By the provisions thereol

9. BRESPONSIBILITY FORTANES

The State of Kansas shall nothe responsible for noindemnily acontiacton o any Tedend, state ov Tocal tives which may he imposed
o levied upon the subject matter of this contiact.

10, INSURANCE

The Stte of Ransas shall not be reguired to pachase, any insiwance against Joss o danage o any peesonal property to which this
conbiact velates, nor shall this coutiaet reguue the stte to establish a0 “sellFinsmanee™ Bind o proteet against iy such loss o
danmave. Subject o the provisions of the Kansas Tort Claims MUK S.A 756100 ¢ seg ), the vendor o lessor shall e the 1ist ol sy
Toss o damage to any personal propeity in which vendor or fesson holds title,

Viendor!Contractor: Auency HeadlAuthovized Representative: .

. = IS ugdilige T - n u:n\l;u|
David R. Gabotry, P.E: ? ’
Vice President and (Senior _Managing e ey Fm T
ST . e State Transportalblon kit
-Prined -pal-»,—Enﬁ-pmqmemal—Systems e 1 ol
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RESOLUTION

BE IT RESOLVED on this 6th day of September 1989, that I,
CHARLES L. MILLER, as Director of the Arizona Department of
Transportation, have determined that it is in the Dbest
interests of the State of Arizona that the Department of
Transportation, acting by and through the Highways Division, to
enter into an agreement with the State of Kansas and the State
of Alaska for the purpose of defining responsibilities for the
joint participation in a project to enhance the Pavement
Management System.

Therefore, authorization is hereby granted to draft said
agreement which, upon completion, shall be submitted for
approval and execution by the Deputy State Engineer.

e | -
,/é%/wé TSPl

CHARLES L. MILLER, Director
Arizona Department of
Transportation

1203j/2
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Attachment "A~
Development of a Total Pavement Management System - Phase III
AGREEMENT FOR ENGINEERING SERVICES

This Agreement entered into this 1st day of November , 19835 by and between
the Secretary of Transportation for the State of Kansas, hereinaffer called the
"Secretary" and Woodward-Clyde Consultants, Consulting Engineers, with principal"
offices in Walnut Creek, California, hereinafter called "Consultant",

WITNESSETH:

That the Secretary proposes to continue the development and implementation of a
"Total Pavement Management Systemn" (PMS).

The subject services are hereinafter called "Project".

That the engineering forces of the secretary will be unable to handle the work
involved within the desired complelion date.

That the Secretary is authorized by law to secure engineering services, to make
engineering studies and to take such steps as may be necessary to fully partici-

pate in the benefits to be secured from funds which may be made available for

the improvement of State liighways or city connecting links on the State Highway
System.

That the Secretary desires to engage services of the Consultant including, but
not necessarily limited to, the following:

OBJECTIVE :

To continue the development and implementation of a Total Pavement Management
System as follows: :

To implement the Network Optimization System (NOS) computer programs faor
all road cateyories;

To develop, test and debug a Project Optimization System (POS).

SCOPE OF WORK:

The following tasks will be undertaken in order to accomplish the objec-
tives of the proposed Project.

TASK 1. Complete the Development of Interim Prediction Models for the NOS
This task will include the analysis of the subjective data, collected on

assessment forms during the previous Phase I1 Agreement from experts within the
Secretary's organization, to determine consensus values for all of the necessary

~final level transition probabilities for road categories numbered 1 through 14

and 16 through 23, as identified in the Phase IT Final Report. The following

steps will be involved in completing the development of interim prediction
models for the NOS:

-1-



The Secretary will be responsible for providing the data from the
assessment forms to the Consultant on computer tape within one week
from the date of execution of this agreement using the format pre-
viously approved by the Consultant.

The Consultant will analyze the data to determine consensus values for
all of the necessary level transition probabilities for the above
specified 22 road categories. Prior to the data analysis, an examina-
tion of the data will be made by the Consultant to identify and
eliminate any inconsistent or disjoint data. After all consensus
values have been determined, a computer tape of the level transition
probabilities will be submitted to the Secretary. The level transition
probabilities for road category 15, determined previously in the Phase
IT Agreement, will also be included on the tape.

The Secretary will review the level transition probabilities for
consistency and expected trends across the different road categories
and actions. Level transition probabilities for road category 15 wil)
also be re-evaluated, and modified as necessary, for compatibility
with those of all other road categories. Appropriate revisions, as
required, will be made by the Secretary and a revised data tape will
be provided to the Consultant for final review and concurrence.
Receipt of notification of concurrence from the Consultant by the
Secretary will constitute satisfactory completion of this task.

I R ity

TASK 2. CompfétéTNdS;bata Analysis and Run NOS Programs for A1l Road Categories

Fb%:%oad category 15 weré tested within the Phase II Agreement

using approximate data. This task will involve the further testing of NOS
programs for all 23 road categories. The following items will be required:

a.)

Cost Data for Alternative Actions

The Secretary will provide cost data for the rehabilitation actions
associated with the 23 road categories in the format provided by the
Consultant during the Phase I1 Agreement,

The Consultant will furnish guidance as required to develop the INCOST
file particularly in the area of routine maintenance costs.

Specification of Feasible Actions

The Secrelary will specify feasible actions for cach distress state
within the 23 road categories using the same format specified for road
category 15 during the Phase Il Agreement.

Specification of Performance Standards

The Consultant will provide specific procedures and master forms for
use in establishing performance standards and will demonstrate the
procedures to a small task group of upper level Kansas Department of
Transportation management. The Secretary will appoint the task group
and assemble the group to meet with members of the Consultant's ctaff
during the first month of the Project. The meeting will be held in
Topeka, unless another location is agreed to by the Secretary or his
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d.)

representatives and will be held ip conjunction with the visit
required for task 6. The Consultant will analyze the data and provide
tentative performance standards for review by the Secretary's staff,

Run the NOS Programs to Produce an Optimal Solution For A1l Road
Categories

The Secretary will furnish the data listed in Tasks 2a, 2b, and 2c as
well as the current network condition to the Consultant in the format
specified for road category 15 in the Phase 11 Agreement. The Consul-
tant will assemble all input data files needed to run the NOS programs
and transmit them to the University of Kansas for analysis,

Computer costs incurred on the Consultant's computer to assemble these
files will be included in the consideration for this Project. Optimal
solutions for the 23 road categories will be obtained by the Univer-
sity of Kansas. Computer costs incurred at the University of Kansas
will be paid directly by the Secretary. No computer charges to be paid
by the Secretary will be incurred at the University of Kansas without
authorization by the Secretary or his designee,

Computer runs for all 23 road categories must be made on the [8M-3031
computer al the University of Kansas using MPS-II1 Software tested
during the Phase 11 Agreement. All input and output must be through
the same IBM computer. The Consultant will be responsible for trans-
mitting the necessary input data to the University of Kansas for
analysis and supervising progress of the analysis. Corrections
required to input files or softiware needed to obtain the optimal

_solutions will be the responsibility of the Consultant and not the
“Untversity of Kansas staff. The University of Kansas will furnish a

summary report to the Consultant and the Secretary for each computer

run made. The summary report will be produced using the report
writer,

The Consultant and Secretary will mutually choose Lwo or more appro-
priate road categories for analysis of two problem sizes i.e. 216
versus 432 condition states. The Consultant will analyze the results
of 2 or 3 steady-state runs and 2 multi-period runs for each problem
size and road Category. After analysis, the Consultant wil) make
recommendations as to the appropriate problem size to the Secretary
prior to proceeding with the runs for the remaining road cateqgories,
When the Secrelary and Consultant mutually agree on the appropriate
problem size, the Consultant and the University of Kansas will be
notified by the Secretary to proceed with the runs on the remaining
road categories,

This task will be completed when the Secretary receives the following

for each road category at the specified problem size (216 or 432
condition states):

1) a minimum of two steady-state runs.,
11)  two multi-period runs.



TASK 3. Evaluation of NOS Test Program Results

The purpose of this task will be to evaluate the optimal solutions produced
by the NOS in Task 2. The assessments will include, but not necessarily be
limited to, the following considerations:

a.) Are the actions recommended for the various condition states reason-
able within each road category? -

b.) Are the optimal actions for the same or similar condition states
reasonable across different road categories?

c.) Is the effect on budget levels caused by varying performance standards
according to expectations?

d.) Are the proportions of roads recommended for do nothing, routine
maintenance and rehabilitation actions realistic and reasonable?

The primary responsibility for reviewing the test program results for
consistency and reasonableness will be assigned to the Consultant. If unreason-
able or unexpected results are identified, the Consultant will advise the
Secretary of the specific problems or areas of concern., The Consultant wil)
examine the problems defined to identify the causes and prepare and submit to
the Secretary recommendations for corrective actions, Potential sources of
unreasonable results include: overly optimistic or pessimistic transition
probabilities; inflexible specification of feasiblo actions; incorrect cost
estimates; -and unreasonable performance standards.

The task will be considered complete with the acceptance by the Secretary
of recommendations for corrective actions to eliminate the causes of unaccept-
able results. Corrédctive actions will be accomplished in Task 4. If after review
test program results are entirely satisfactory to the Secretary, no further work
will be required in this task and it will be deemed complete by acceptance of
the test program results,

TASK 4, Revision of the NOS Input Files, As Necessary

Appropriate revisions or modifications to the NOS input files to correct

problems or deficiencies identified in Task 3 will be accomplished within this
task.

The Consultant will be responsible for revising or modifying the NOS input
files in accordance with the recommendations agreed upon in Task 3. Additional
test runs of the NOS may be required to verify that the program changes yield
satisfactory results., A1l additional test runs will be made at the University of
Kansas and will be paid for directly by the Secretary. No computer charges to Le
paid by the Secretary will be incurred at the University of Kansas without
advance authorization by the Secretary or his designee. As in Task 2, the
Consultant will be responsible for coordinating the preparation and transmittal
of input data to the University of Kansas.

This task will be complete when satisfactory results and related documenta-
tion are accepted by the Secretary, Satisfactory results will consist of optimal
solutions from new computer runs (steady-state and/or multi-period) for the road
categories deemed to need revision in Task 3 and/or detailed recommendations for

-



modifications to input data which can be made in the future by the Secretary's

staff in the event that data processing funds are depleted prior to completion
of the desired revisions.

TASK 5. Develop Software to Prepare a Listing of Road Segments and Recommended
Actions

The output from the NOS programs is an optimal rehabilitation policy which
will consist of a recommended action and its associated cost for each of the
various condition states within each road category. In order to correlate the
actions recommended by the NOS for year one to the specific road sections within
each of the respective condition states, additional software must be developed,
Additional software is also necessary to help identify the probable condition
and probable action for year two and beyond for all segments in the data base.
This software will require use of the transition probability matrices from NOS

input file TRMX. This task will include the development and testing of this
necessary software,

The Secretary's staff will have the primary responsibility for developing
and testing the required software. The Consultant will provide advice and
technical assistance as necessary.,

TASK 6. Finalize the PUS Framoework

A concept- and basic framework for the Project Optimization System (POS)
component of the Pavement Management System was developed in the Phase I'l

Agreement. This task will be concerned with the finalization of the framework
for the POS. - '

The Consultant will meet in Topeka with members of the Secretary's staff to
discuss (i) the type of prediction models to be developed for the POS
(empirical, mechanistic, or a combination of the two, with subjective and/or
objective data); (ii) the process of assessing preference functions; and (iii)
mechanistic procedures for new design which are compatible with available data.
Faclors to be considered during the discussions will include:

(a) How much, and what types of, data are available for the development of
performance prediction models?

(b)  Should multiple attributes be used in evaiuating alternative rehabili-
tation strategies for a given project? If yes, what should these
factors be and what group of individuals should assess the preferences
wilth respect Lo Lhe relative importance of the attribules?

(c) Is the necessary data available for the various mechanistic proce-
dures?

Followinyg these discussions, the Consultant Will submit a written report to

sumnarize the decisions made and the potential impact of these decisions on
allocated resources for the Project,

Acceptance of the written report by the Secretary will be considered as
completion of this task.



TASK 7. Develop POS Prediction Modelg

Models will be developed within this task to predict the performance of
existing pavements under different rehabilitation actions and the performance of
new pavements to be built under alternative initial designs. Uncertainties in
predicting future performance will be explicitly incorporated in these models.
Therefore, the models will predict not only expected performance, but also
probabilities of getting performance different from that expected.

The prediction models for existing pavements will be developed on the basis
of as built data, performance history of selected test locations and parameters
obtained from laboratory testing of samples obtained from selected test sites.
Mechanistic procedures will be used as appropriate. A larger number of in-
fluence variables will be included initially in the models. Using techniques
such as stepwise analysis, a smaller set of influence variables which best
reflect the variations in pavement performance will be selected.

For new pavements, the available data will include the design parameters
(e.g. material properties, traffic, layer thicknesses, etc.) and previous
performance histories. An appropriate combination of mechanistic and empirical
procedures will be selected to be compatible with available design data and the
procedures developed for existing pavements.

State-of -the-knowledye mechanistic-empirical models will be used for the
development of POS pavement design procedures. If such models do not exist for

specific distress types, empirical models will be developed for the design
procedures, SR

Four years of performance data for nearly 50% of the cells in the POS
experiment (identified in correspondence dated August 4, 1983) is available. One
year of performance data is available for the remaining sites. Laboratory test

data is not currently available for any of the selected POS experiment test
sites.

The Consultant will be responsible for development of the POS prediction
models for rehabilitated Portland Cement concrete payments, rehabilitated
composite pavements, rehabilitated full design bituminous pavements, and new
rigid and flexible pavements. The models will be developed using available
information and that which can reasonably be obtained by the Secretary's staff
during the project. Sufficient data is not expected to be available to develop

the interim prediction models for rehabilitated partial design bituminous
pavenents,

Fhis task will be complete when prediction models have been developed for
the pavements types identified above and are accepted by the Secretary. Documen-
tation will include detailed instructions on how to make the necessary modifica-

tions to the models as more experimental and actual data becomes available over
time.

TASK 8. Establish Preference Functions

Multiple atiributes will be required for the evaluation of feasible
rehabilitation strategies. The relative importance of the attributes will be
established in this task. Formal procedures for assessing multi-attribute



preference functions will be used. A panel with members from the Secretary's
staff will be selected to make the necessary assessments of acceptable tradeoffs
between competing attributes.

A group meeting, to be coordinated and conducted by the Consultant, will be
held in Topeka to explain to the panel members the purpose of the assessments
and the procedure that will be followed. The Consultant will design and prepare
assessment forms to be completed by the panel members. The assessment forms will
be designed so that answers can be keypunched directly from the forms onto tape.
To determine if a reasonable group consensus can be identified from the re-
sponses, a statistical analysis will be performed. If the responses are extreme-
ly divergent, a second iteration of the appropriate assessment forms will be
performed as necessary.

Based upon the group consensus identified for the various assessiments, a
multi-attribute assessment function will be calibrated by the Consultant. The
procedure for calibration and the major implications of the preference function
will also be documented in a summary report to be prepared by the Consultant,

Completion of this task will be contingent upon a review and acceptance of
the above menlioned report by the Secretary.

TASK 9. Develop Computer Program for Implementation Of The Project Optimization
System

This task will involve the development of the overall computer program for

the implementation of the POS, and will include the following components or
subroutines:

a.) Form cost and performance constraints

For a rehabilitation project, these constraints will be formed based
on NOS results. The upperbound on the project cost will be the sum of
the cost of the recommended NOS action for each segment in the
project. The performance constraints will be: (1) the minimum prob-
ability that a random part of the project is in acceptable condition
al each year during the five-year planning period and (i1) the maximum
probability that a random part of the project is in unacceptable
condition at each year,

For new construction, the cost constraint probably will come from the
construction priority/optimization system, Initially, this constraint
may have to be set based on past experience and Judgment. The perfor-
mance constraints will have to be set by policy decisions; for
example, the expected time to the first major rehabilitation action
should be more than ten years.

b.) Find feasible sets of actions

The cost of a feasible action set for a rehabilitation project should
be less than or equal to the upperbound on project cost calculated
above. In addition, the performance under the action set, as deter-
mined from the POS prediction model, should be equal to or better than
the performance constraints formed from the NOS model,



For new construction, the cost of each alternative design will be
determined from the design specifications and previous cost records.
The performance of a new pavement after it is built will be estimated
from the appropriate mechanistic mode] selected in Task 7.

c.) For each feasible action set, calculate the total expected value

The probability distribution of each attribute wil] bedetermined for
the action set using the prediction models. The total expected value

of the action set will then be calculated from the calibrated prefer-
ence function.

d.) Rank feasible action sets and conduct sensitivity analyses

The feasible action sets will be ranked in a decreasing order of tota)
expected value. The sensitivity of the ranking will be examined with
regard to factors such as: differences of opinions on acceptable
tradeoffs between competing attributes and policy requirements for new
construction,

The Consultant will be responsible for developing the computer program and
all associated computer costs. The program will be designed for compatibility
with one of two alternative computer systems: the PLEXUS P/40 at the KDOT
Materials-Research Center or the IBM mainframe operated by the State of Kansas

Division of Information Systems and Computing (DISC). The preferred alternative
will be the PLEXUS P/40.

This task will be considered complete upon notification from the Consultant
that the program is ready for installation and testing on the computer facility
designated by the Secretary,

TASK 10.  Test and Revise POS Program

This task will involve installation, testing, and revision, if necessary,
of the PUS program developed in Task 9.

The Consultant will provide any advice and/or technical assistance that may
be necessary to accomplish the installation and testing of the program on the
secretary's computer facility.

Input data for testing Lhe program will be furnished by the Secretary. A
minimum of ten test projects (Five rehabilitation and five new construction
projects) will be selecled.

The results of the POS test runs will be evaluated by the Secretary's staff
with respect to anticipated trends and expectations. Any concerns or problems

revealed by the examination of the test results will be submitted to the
Consultant for review,

The Consultant wil) analyze the test results to identify the cause of the
problem(s) and prepare recommendations for appropriate corrective action. With
the concurrence of the Secretary, the Consultant will execute the necessary
program revisions. At the discretion of the Secretary, additional test runs may
be made to ensure that the revised results are reasonable and satisfactory.



Acknowledgement by the Secretary that the POS proygram has been successfully
implemented and satisfactory results have been obtained will constitute comple-
tion of this task.

TASK 11. Prepare a Fina) Report

This task will consist of the preparation of a final report by the Consul-
tant to document the development of the NOS and POS associated with the tasks
defined in this Phase 111 Agreement. A users manual will also be prepared to
describe the input-output characteristics of the POS computer program. Six bound
copies of the final report and users manual and an unbound photo-reproducible
copy of each will be furnished to the Secretary. Receipt of a final report
which accurately and completely documents the development of POS and the
refinements to NOS will complete Lhe requirements for this task.

NOW THEREFORE, in consideration of the premises and covenants hercin
contained, the parties thereto agree as follows:

ARTICLE 1

The Secretary agrees:

1. To employ the Consultant to perform the services described herein for
the fee stipulated in Article I, Section 5, and in general accordance with the

Consultant's proposal which is attached hereto and incorporated herein as
Special Attachment No. 3,

2. To desfgnate an employee or employees which will act as principal
contact(s) with the Consultant.

3. To notify the Consultant in writing when work on the Project may
proceed.

4. To perform the work outlined within the designated tasks as the
responsibility of the Secretary in such a manner and within such time frames
that the overall project schedule will not be significantly delayed.

5. Upon receipt of proper billing, to pay the Consultant for services as
follows:

Lompensation for the Project shall be made on the basis of the Consultant's
actual cost plus a net fee amount of $18,722 in conformance with the cost
principles established in Vol, 1, Ch. 7, Sec. 7 of the Federal-Aid Highway
Program Manual and 41 Code of Federal Regulations (CFR) 1-15.000 et.seq. The
upper 1imit of compensation for the Project shall be $205,934,

During the progress of work covered by this Agreement, partial payments may
be made to the Consultant within thirty (30) days of receipt of proper billing,
but at intervals of not less than one calendar month. Progress billing shall be
supported by a progress schedule acceptablie to the Secretary., Accumulated
partial payments shall not exceed Ninety-Five Percent (95%) of the total fees
earned, prior to approval and acceptance of the completed Project by the
Secretary. Partial payments due shall be defined as Lhe accumulated total fees

due less the total of previous payments times Ninety-Five Percent (95%)

.
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The voucher for final payment for the Project due under the provisions of
this Agreement may be submitted after completion of Lhe Project and acceptance

and approval of certain "deliverables" by the Secretary as described in Article
[T, Section 3 of this Agreement.

ARTICLE IT

The Consultant agrees:

1. To produce a working Pavement Management System within five contract

phases. During this development period, implementable (inter im) packages will
be produced,

2. That all tasks will be completed within twelve months from the date
this agreement is signed. Tasks will be scheduled as shown in Figure 2 of
Special Attachment No. 3.

3. That certain "deliverables" will be furnished to the Secretary.
"Deliverables" will include, but not be limited to, a data tape of level
transition probabilities, NOS performance standards, a minimum of two steady
state and two multiperiod NOS computer runs giving optimal solutions for each
road category, revised NOS computer runs with related documentation of input
modifications, if necessary, a report stating the final POS framework, POS
prediction models, POS multi-attribute preference functions and related summary
report, POS computer programs, and a final report,

4

4. To fu11y and faithfully perform the work hercin described as within
the scope of work.

5. To accept compensation for work herein described and that such compen-
sation shall be complete and sufficient payment for all work performed, equip-
ment and material used, and services rendered in connection with such work, and
that all such work shall he performed in accordance with approved practices and
the rules and regulations of the Secretary. Payment vouchers submitted for work
conpleted under the requirements of this Agreement shall be in the format

i1lustrated on Exhibit "A", which is attached hereto and incorporated herein by
reference.

b. To comply with al) Federal, State and local laws, ordinances, and
regulations applicable to the work, including Title VI and Title VII of the
Civil Rights Act of 1904, Executive Order 11246, and non-discrimination clauses
which are attached herelo and incorporated herein as "Special Attachment No. 1".

7. To warranl that he or she has not employed or retained any company or
person, other than a bona fide employee working solely for the Consultant, to
solicit or secure this Agreement, and that the Consultant has not paid or agreed
to pay any company or person, other than a bona fide employee working solely for
the Consultant, any fee, commission, percentage, brokerage fee, gift, or any
other consideration which is contingent upon or resulting from the award or
making of this Agreement. For breach or violation of this warranty, the Secre-
tary shall have the right to annul this Agreement without Tiability, or, at the
Secretary's discretion, to deduct from the Agreement price or consideration, or
otherwise recover, the full amount of such fee, comnission, percentage brokerage
fee, gift, or contingent fee. (Sece Special Attachment No. 2, which is attached
hereto and incorporated herein by reference.)
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8. To save the Secretary and his or her authorized representatives
harmless from any and al] costs, ]iabi]ities, expenses, suits, Judgments,
damages to persons or property or claims of any nature whatsoever arising out of
or in connection with the negligent performance by the Consultant, his or her
agents, employees or subcontractors under the provisions of this Agreement, In
this regard it is further understood and agreed that the Consultant shall obtain
such reasonable insurance coverage as may be required by the Secretary.

9. That records and books of the Consultant pertaining to work covered by
this Agreement shall be available to representatives of the Secretary for audit
for a period of three years after date of final payment under this Agreement,

10. To prepare an estimated schedule for performance of component tasks
(may be bar chart or other acceptable method) and report actual progress at
monthly intervals.

11. To not, without written permission from the Secretary, engage the
Services of any person or persons in the employment of the Secretary for any
work required by the terms of this Agreement.

12. To accept full responsibility for payment of unemployment insurance,
workmen's compensation, and social security as well as all income tax deductions
and any other taxes or payroll deductions required by law for his employees
engaged in the work authorized by this Agreement.

13. That the Secretary may require the Consultant and sub-contractors to
be available for audit at the Secretary's discretion, Accounting methods, cost
documentation, and books of said parties will be maintained in accordance with
gyenerally accepted accounting principles and will conform to the appropriate
provisions of 41 Code of Federa) Regulations (CFR) 1-15.000 et seq.

14. To accept full responsibility for the completeness and accuracy of all
Tasks to be performed under this Agreement.,

ARTICLE 111

The barties hereto mutually agree:

1. That the services to be performed by the Consultant under the terms of
this Agreement are personal and cannot be assigned, sublet, or transferred
without the written consent of the Secretary.

2. That the right is reserved to the Secretary Lo terminate this Agree-
ment at any time, upon written notice, in the event the Secretary determines
that the Project is to be abandoned or indefinitely postponed, or because the
services of the Consultant are unsatisfactory, or failure by the Consultant to
prosecute the work with diligence or to complete the work within the time limits
specified in this Agreement; PROVIDED, however, that in any such case, the
Consultant shall be paid the reasonable value of the services rendered up to the
time of termination on the basis of the payment provisions of this Agreement,

3. Authorization for Extra Work shall be evidenced by the Secretary in
writing.
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At the discretion of the Secretary, work not specified in this Agreement or
which is considered to be beyond the extent of a reasonable exploration of
alternates may be classed as Extra Work. Extra Work will usually be of limited
extent and may consist of, but is not necessarily limited to the introduction of

linited new items of work beyond the expressed scope of the agreement.

At the option of the Secretary, payment for Extra Work may be made on the
basis of actual cost for the total work to return the Projectto the state of
completion obtained prior to written notice of required change, or payment may
be wmade on lump sum or other mutually-agreed basis. No extra work shall be

initiated nor shall compensation be made without prior notice from the Secretary
requesting such extra work.

4. SUBSTANTIAL CHANGE: If a substantial change in the amount of work to
be done by the Consultant is required, an adjustment of fee will be negotiated.
The adjustmentl of the fee may be an increase or a decrease consistent with the
nature and extent of change. Substantial changes will usually, but not neces-
sarily, consist of considerable increase or decrease in scope of the project, or
duration of services resulting in an increase or decrease in the Consultant's
cost of or the time required for performance of this Agreement. No additional
work as a result of a Substantial Change in services required shall be performed
nor shall additional compensation be paid except on the basis of the provision
of a supplemental agreement.

If a substantial change is required in the amount and/or scope of the
project, the Consultant will be given a written notice along with a request for
an estimate of the total cost for the performance of the change. Thereafter,
consideration will be given to the negotiation of an adjustment in the Agreement
price based upon the provisions of a supplemental agreement which may be duly
entered into by the contracting parties.

5. Thalt when prime compensalion for services required is by the actual
cost plus a net fee method, overhead rates will be submitted by the Consultant
for audit within seventy-five (75) days after completion of the Consultant's
fiscal year. The Consultant will assemble work papers for audit at their normal
place of business. Overhead rates will be audited on a yearly basis following
the first audit as may be required. Overhead rates will be adjusted at the time
of the audit review. If the overhead rate increases or decreases, previous
payments will be adjusted to insure that the Consultant is reimbursed for actual
costs. Future payments will be based on the latest audit.

6. That an extension of time may be granted the Consultant for delays if
recognized by the Sccretary as unavoidable, provided such extension of time
shall be requested by Lhe Consultant in writing, slating Lhe reasons therefor,

7. That all reports and documents pertaining to the Project mentioned
herein shall be prepared in accordance with the secretary's standard practice
and shall become the property of the Secretary upon the completion thereof in

accordance with the terms of this Agreement, without restrictions as to their
further use,

8. That all disputed matters arising under the subject Agreement will be
submitted to a Review Committee for resolution. The Review Committee will be
Ccomprised of a maximum of two representatives from each of the contracting
parties. The Review Committee shall make its own rules of procedure and shal)
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have authority to examine records kept by the secretary and the Consultant. I[n

determining the findings, the majority vote of the Review Committee shal)
govern. The decision of the Review Committee shall be final and binding.

ARTICLE 1V

The correlation, interpretation, and intent of the Agreement DocUments, includ-

ing the Agreement, Exhibits and Special Attachments thereto, shall be as
follows:

1. The Civil Rights Act of 1964 (Special Attachment No. 1), Certification
of Consultant (Special Attachment No. 2), the Consultant's Proposal (Special
Attachment No. 3), Attached Exhibits, and the Notice to Proceed, are hereby
incorporated by reference into this Agreement, and together with the Agreement

and all supplemental agrecments hereinafter entered into, shall be defined as
the Ayreement Documents.,

2. The Agreement Documents comprise the entire Agreement between the

secrelary and the Consultant. They may be altered only by supplemental agree-
ment.,

3. The Agreement Documents are complimentary. What is called for by one
is binding as if called for by all. If the Consultant finds a conflict, error,
or discrepancy in the Agreement Documents, the Consultant will call it to the
Secretary's attention before proceeding with the work affected thereby. In
resolving such conflicts, errors, and discrepancies, the documents shall be
given precedence in the following order: Special Attachment No. l; Special
Attachment No. 2; Supplemental Agreement; the Agreement excluding any attach-

ments or exhibits; Special Attachment No. 3; Attached Exhibits: and Notice to
Proceed,

LU s further agreed Lhat this agreement and all contracts entered into under

the provisions of this Agreement shall be binding upon the parties hereto and
their successors and assigns,
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IN WITNESS WHEREOF, the parties have caused this Agreement to be signed by their
duly authorized officers on the day and year first above written.

AY

) S I

Woodward-Clyde Consultants John B, Kemp
-~ . . Secretary of /l¥ansportation
/ﬁxc,égu»q/ /42 /47C45425 v of the State of Kansas
p : By: W. H. ight
////C/-: ?/_C'Jw/ S (AcL )7/”— y w wr]gh

State Transportation Engineer

ATTEST: ATTEST:

Approved as to Form:

~-14-
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KANSAS DEPARTMENT OF TRANSPORTATION
e NG S
Pav't., Management Task Force Leader
KS. Department of Transportation
2300 Van Buren

Topeka, Kansas 66611

Unit Mice Amnovnt

County

EXAMPLE

NLY

Engineering Agreement Date

Total Compensation not to exceed

Previously earned

Previous payments (95%)

Fixed Fee not to exceed

Previously earned

Previous payments {95%)

Engineering Services from

to

Name Hours

J. Doe 10
T. Smith 5

Audited:

Caded:

Approved:

I S oflicer in charge

Fdo hereby centify that the above Bill is just, conect, and temains
o nnpaid, and that the wnount claimed therein s achnaltly dae ae-
conding to L,

(Sipgn here)

{ Firm f“l’:n-l.ﬁ)

By

[) ot

R U [ R

AN TQUAL OPPORTUNITY EMPLOYER

Rate

10.00
5.00

o (Continued)

Approved:

. Burean (?hiul'_/_l_?is_l,_ Eugr. L

Amount

100.00
25.00
.00

U

Total This Voucher

S ] Approved: T

State Franspottation Controller.

I o herehy certify that the within was contracled for the State,
under authority of Biw, and that the amonnt tharein Caimed iy corredt
according to such contiaet and is unpaid,
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Date

e e e VD
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OnLY State Agency or Divivion
KANSAS DEPANTINMENT_OF TRANSFORTATION
r. G. N. Clark,
Maltvoucninto pay 't Management Task Force Leader
KS. Department of Transportation
2300 Van Buren
Topeka, Kansas 66611
it Preseription o ' ‘Uvni( l‘rigvx- Amount -

Project No.

County

Total from Page 7 =
LY

Labor
Overhead @ 80%
Incidentals

Fixed Fee:
Earned to date:

$125.00

Costs Due Under Agreement

10% x $3,221.43

$125.00
100.00
20.00

= $245.0

i

$322.14

1

Less prior earnings
Fixed fee due this statement

222.14

C()(l((] :

Awditeds Approved:

Fodo hieveby centify that the
|'A
cocding to aw

{(Sign here) .

{Firm N,:unr ) -

By .

Phvtes L

B ———

AN LOUAL OFFORTUNITY BN OYER

officer i Charge
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s wapaid, and that the amount chiimed terein s achatly due ac-

Total

g LR

lLess 5% 17.2]

$327. T

i

$327.75

Total This Voucher

T Approveds

Approved:

oo Bureay CI”L[/_D_'\‘ v_l':llgf_._,_”__'_ _nA-S_‘}:_\_l_t_:.'ll‘_r:_\_n;pf}rt:\linn Controller

Fodo hereby catify that the within was condracted Tor the State,
under anthority of Taw, and that the amount therein daimed is coredt
according to such contract and is nnpuid,

Secretayy

Date__..
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Special Attachment No. 1
Sheet 1 of 3

KANSAS DEPARTMENT OF TRANSPORTATION
Special Attachment

To Contracts or Agreements Entered Into
By the Secretary of Transportation of the State of Kansas

NOTE: Whenever this Special Attachment conflicts with provisions of the
Document to which {t is attached, this Special Attachment shall govern.

THE CIVIL RIGHTS ACT OF 1964 AND
REHABILITATION ACT UF 1973

NOTIFICATION

The Secretary of Transportation for the State of Kansas, 1in accordance with the
provisions of Title VI and Title VII of the Civil Rights Act of 1964 (78 Stat,
252), §504 of the Rehabilitation Act of 1973 (87 Stat. 355) and the Regulations
of the U.S. Department of Transportation (4y C.F.R., Part 21, 23 and 27?, fssued
pursuant to such Act, hereby notifies all contracting parties that, the con-
tracting parties wil) affirmatively insure that this contract will be implement-
ed without discrimination on the grounds of race, religion, color, sex, age,
physical handicap, or national origin, as more specifically set out in the
following efght 'Nondiscrimination Clauses'

CLARTFICATION

Where the term 'consultant' appears in the following seven "Nondfscrimination
Clauses', the terin "consultant' {s understood to fnclude all parties to con-

tracts or agreements with the Secretary of Transportation of the State of
Kansas,
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Nondiscrimination Clauses

During the performance of this contract, the consultant, or the consultant's

assignees and successors in interest (hereinafter roferred to as the
tant's), agrees as follows:

(1)

"consul-

Compliance with Regulations: The consultant will comply with the
Regulations of the U.S. Department of Transportation relative to
nondiscrimination in federally-assisted programs of the U.S, Depart-
ment of Transportation (Title 49, Code of Federal Regulations, Parts
21, 23 and 27, hereinafter referred Lo as the Regulations), which are
herein incorporated by reference and made a part of this contract,

Nondiscrimination: The consultant, with regard to the work performed
by the consultant after award and prior to the completion of the
contract work, will nol discriminate on Lhe grounds of race, religion,
color, sex, age, physical handicap, or national origin in the selec-
tion and retention of subcontractors, including procurements of
materials and leases of equipment. The consultant wil) not participate
either directly or indirectly in Lhe discrimination prohibited by
section 21.5 of the Kegulations, including employment practices when

the contract covers a program set forth in Appendix B of the Requla-
tions.

Solicitations for Subcontractors, Including Procurements of Materials
and Equipment: In all solicitations either competitive bidding or
negotiation made by the consultant for work to be performed under a
subcontract including procurements of materials or equipment, each
potential subcontractor or supplier shall be notified by the consul-
tant of the consultant's obligation under this contract and the
Regulations relative to nondiscrimination on the grounds of race,
relfgion, color, sex, age, physical handicap, or national orfgin,

Informalion and Reports: The consultant will provide all information
and reports required by the Regulations, or orders and instructions
issued pursuant thereto, and the secretary of Transportation of the
state of Kansas will be permitted access to Lhe consultants books,
records, accounts, other sources of information, and facilities as may
be determined by Lhe sSecretary of Transportation of the State of
Kansas to be pertinent to ascertain compliance with such Regulations,
orders and instructions. Where any information required of a consul-
tant is in the exclusive possession of another who fails or refuses to
furnish this information, the consultant shall so certify to the

Secretary of Transportation of the State of Kansas and shall set forth
what efforts it has made to obtain the information.

Employment: The consultant will not discriminate against any employee
or applicant for employment because of race, reltgion, color, sex,
age, physical handicap, or national origin.



(6)
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Sanctions for Noncompliance: In the event of Lhe consultant's noncom-
pliance with the nondiscrimination provisions of this contract, the
Secretary of Transpaortation of the State of Kansas shall impose such
contract sanctions as the Secretary of Transportation of the State of
Kansas may determine to be appropriate, including, but limited to,

(a) withholding of payments to the consultant under the contract
until the contractor complies, and/or

(b) cancellation, termination or suspension of the contract, in whole
or in part,

Disadvantaged Business Obligation

(a) Disadvantaged Businesses as defined in the Regulations, shall
have the maximum opportunity to participate in the performance of

contracts financed in whole or in part with Federal funds under
this contract,

{b) A1 necessary and reasonable steps shall be taken in accordance
with the Regulations to ensure that Disadvantaged Businesses
have the maximum opportunity to compete for and perform con-
tracts. No person(s) shall be discriminated against on the basis
of race, religion, color, sex, age, physical handfcap or national

origin in the award and performance of Federally-assisted
contracts,

Incorporation of Provisions: The consultant will include the provi-
sfons of paragraph (1) through (8) in every subcontract, including
procurements of materials and leases of equipment, unless exempt by
the Regulations, order, or instructions issued pursuant thereto. The
consultant will take such action with respect to any subcontract or
procurement as the Secretary of Transportation of the State of Kansas
may direct as a means of enforcing such provisions including sanctions
for noncompliance: Provided, however, that, in the event a consultant
becomes involved in, or is threatencd with, litigation with a subcon-
tractor or supplier as a result of such direction, the consultant may

request the State to enter into such litigation to protect the
interests of the State,



CERTIFICATION OF CONSULTA NT

I hereby certlify that I am the _\,"'\c Goo N sy ’L'\jf and duly

authorized represcntulive of the Wi sy d Colorle o

L% t«{v."M"f/"ﬂ'- :‘IV'I“‘\T"{HK’
Yo (O o s el side N g Lot
whose address isCre Walwad Crenle pades 1y, oy Lo

Wl

and that neither I nor the

~'V\’( Uy (:'M/‘"’I 7l e, Y

ubove firm I here represent has:

() employed or ccluined for the payment of u commission, percentage,
brokerage, contingent fee, or other consideration, uny person (other than a bona fide
employee working solely for me or the above consullant) to solicit or secure this
Agreement,

(L) ngreed, as an express or implied condition for oblaining this Agreement, to
employ or retain the services of any firm or person in connection with carrying out the
Agreement, or

(¢)  puid, or agreed Lo puy, Lo any livrm, organization of persons (other than a bonu
lide employee working solely for me or the whove consullant) nny fee, contribution,

donution, or considcerution of any Kind for, or in conneetion with, procuring or carrying
oul the Apreement;

exeept as here expressly stated (i tny)

I ucknowledge thut this cortificato is 1o be furnished 1o the Sceerclury of
Transportution of the Stute of Kansas in conneelion with this Agreement and is subjeet
to upplicuble State nnd Federul laws, both eriminnl and civil,

(Do)~ T CONSULTANT

CLIVTITICATION OF 11 SECRETARY OF TR A NSPORTATION

I'hercby coertity that T am the Sceretary of ‘ransportation of the State
and that the above Consultunt or s representative has not be
indireetly as an express or implied condition in connce
oul this Apgreemoent to

ol Kansas
ehorequired, dircetly or
tion with obtaining or carrying

(b)  puy, or ugree Lo pay, to uany firm, person, or organization, any fou,
contribution, donutivn, or consideration of any kind;

(u) cmploy or retain, or sgree to employ or retain, any firm op person, or

exceplas here expressly stated (il anyl:

Facknowledge that this certificate is to be furnished to the aboye referenced flirm

in connection with this Agreement, and is subject to applicable State and Federal laws,
Loth ceriminul and civil,

i

" (Dutc) thn B. Kemp
Secretary of Transportation

of the State of Kansas

.
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CONSULTANT'S PROPOSAL ’

SCOPE OF WORK FOR PHASE III OF PMS DEVELOPMENT

Objectives

The two primary objectives of the Phase III of the

continuing PMS development for KDOT are to:

o) develop, test, and debug a Project Optimization
System (POS); and

o} debug and revise the NOS computer programs.

An approach to the development of the POS and the specific

tasks that will be undertaken to accomplish these objectives

are described below.

POS Framework for Rehabilitation of Existing Pavements

The basic approach is to evaluate alternative action sets
for a given project and select the optimum action set based
on some selected criteria. It is assumed that the user will
identify potential projects and alternative action sets for
each project external to the POS. The NOS results should be
used as a guideline to form projects. The miles for which a
major rehabilitation action is recommended by NOS should be

examined to package contiquous miles in similar condition
into one project.

A framework for determining the optimal set of actions for a

given project is shown in Figure 1. The main steps involved
are described below,

1. Find present condition and optimal NOS actions

Using the data base of the most recent pavement condition

survey, the present condition state of ecach mile segment

-1-
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within the project is identified. fThe optimal
rehabilitation action for each mile segment can then be

found from the results of the S-period NOS run.

2. Form cost and performance constraints

The costs of the optimal actions for different segments in

the projects are summed to obtain an upperbound on the total

project cost.

To form the performance constraints, the first step is to
find the probabilities that each project segment 1is in
acceptable and unacceptable condition states at each of the
next five years following the optimal actions. The
probabilities are then averaged over all the segments to
calculate the probability that any part of the project
randomly selected is in acceptable and unacceptable
condition states at each of the next five years. If the
segments vary in length, a weighted average probability is
calculated where the weights would be the length of the
segments,

3. Identify alternative sets of rehabilitation actions

Several options can be considered in selecting aiternative
sets of rehabilitation actions for the given project. One
option might be to select a single dominant action for the
entire project which would correct most of the deficiencies
of the different project segments. Another option might be
to combine segments which are in the same or similar
condition and adopt one action for these segments, In this
option, then, several actions may be selected to form the
action set. In allowing different actions within a singlﬂ
project, the practicality of this situation should be
evaluated by the KDOT personnel based on their past

experience and judgments.



4. Evaluate the cost constraint for a given action set

The total cost of the action set under consideration for the
project should not exceed the upperbound on the cost
identified in Step 2. 1If this constraint is not satisfied,
the particular action set is considered to be infeasible and

the next action set is analyzed for feasibility.

5. Evaluate the performance constraints for a given action

set
In Step 2, one would have determined the probabilities that
a randomly selected part of the project would be in
acceptable and unacceptable condition states at each of the
next five years if the NCS optimal policy is followed. Now,
the site-specific performance of the project under the given
action set can be estimated using the prediction models to
be developed for the POS. To utilize the NOS performance
cosntraints consistently, the POS prediction models should
be capable of estimating probabilities that a given segment
in the project would be in different condition states as a
function of time and the action taken. The performance
constraints then would be evaluated by checking whether for
the POS models, the probability of being in acceptable
conditions at each year is greater and the probability of
being in unacceptable condition at each year is less than
the corresponding probabilities estimated from the NOS
model. Note that the NOS probabilities to be used in this
comparison would have been calculated in Step 2, If these
constraints are not met by a particular action set, that set

is considered to be infeasible and the analysis moves on to
the next set,



6. Rank feasible action sets

All action sets which meet the cost and performance
constraints in Steps 4 and 5 are considered to be feasible,

In this step, the feasible action sets are ranked using some

defined criterion and the most preferred action ‘set is

identified. Minimum cost can be one of the criteria that
could be used. Another criterion that is more comprehensive
is the maximum expected utility (value). In this approach

tradeoffs between multiple attributes such as cost, distress
types, and estimated user costs are assessed using the

collective value judgments of KDOT personnel.

POS Framework for New Design

For a new design, NOS cost and performance constraints would
not be available. The performance constraint may be set by
policy (e.g. 10 years in acceptable levels of distress for
new bituminous pavements). It may be possible to determine
the funds to be allocated to a new road from the
Construction Priority/Optimization System. The framework
for checking whether or not these constraints are met would
be similar to that shown in Figure 1. A major difference
between the two procedures will be in the form of the
prediction models for new construction. One npeeds to
predict the performance on observed condition of a road
before it is in place. Consequently, variables such as
observed condition or measured deflection would not e
available to predict future performance. A preferre
approach would be to use mechanistic procedures to predict
different distress types. Such procedures generally
represent a pavement as a multi-layer system whose
structural response to given loads is calulated using
elastic or visco-elastic theory. The structural response is

then correlated with the occurrence of different distress
types.



Task Descriptions

The tasks are divided into two parts: (A) those related to

POS development and (B) those related to NOS debugging.

(A) POS Development Tasks

Task 1. Finalize the POS framework

A basic framework for the development of a POS was described
in the final report for Phase II of the DPMS study. This

framework will be finalized after reviewing the following
questions with KDOT personnel:

o HHow much, and what types of, data are available
for the development of performance prediction
models?

©  Should multiple attributes be used in evaluating

alternative rehabilitation strategies for a given
project? If yes, which are these factors and what
group of individuals should be involved in
assessing the Department's preferences regarding

the relative importance of the attributes?

o) Are the necessary data available for the various

mechanistic procedures (e.g., dynamic modulus,
layer thicknesses, etc.)?

A discussion of these questions will be useful in deciding
(1) the type of prediction models to be developed for the

POS (empirical, mechanistic, or the combination of the two,
with objective and/or subjective data); (i11) the process of

assessing preference functions; and (1i1) mechanistic

procedures for new design which are compatible with

availlable data.



A trip report will be submitted to summarize the discussions

in the meetings with KDOT and the decisions made.

Task 2. Develop POS prediction models

-

Models will be developed to predict (1) the performance of
existing pavements under different rehabilitation actions
and (2) the performance of new roads to be built under
alternative initial designs. Uncertainties in predicting
future performance will be explicitly incorporated in these
models. Thus, the model would predict not only expected

performance, but also probabilities of getting performance

different from expected.

The prediction models for existing pavements will be
developed based on as built data, performance history, and
parameters obtained from mechanistic procedures, if
appropriate. A large number of influence variables (e.g.,
independent variables in a multiple regression equation) can
be included initially in the model. Using techniques such
as stepwise analysis, a smaller set of influence variables

which best explain the variations in pavement performance
will be selected.

I'or new roads to be built, the available data will be the
design parameters (material properties, traffic, layer
thicknesses, etc.). Depending upon types of design data
that would be available, an appropriate combination of

mechanistic and empirical procedure will be selected,

The existing test sections for "partial design A pavements"
do not satisfy the requirements of a statisticaliy balanced
experimental design. It is recommended, therefore, that the
development of prediction models for partial design AC
pavements be postponed until new test sections are chosen

and adequate data on these sections are accumulated. Many



of the existing test sections for other pavement types will
also be replaced. Hence the prediction models developed in
this task for the other pavement types should be revised

after accumulating data for all test sections over a period
such as two years.

Insofar as the state-of-the-knowledge permits,
mechanistic-empirical models will be used for the
development of POS pavement design procedures. If such
models do not exist for specific distress types, empirical

models will be used for the development of the design
procedures,

Data requirements for the development of predictions models
for POS will be identified by the Consultant. Data

acquisition and compilation will be the responsibility of
the KDOT staff.

Task 3. Establish preference functions, as appropriate

If multiple attributes are to be used for the evaluation of
feasible rehabilitation strategies, the relative importance
of the attributes needs to be established. Formal
procedures of assessing multi-attribute preference functions
will be used. A panel of KDOT personnel will be established

to make the necessary assessments of acceptable tradeoffs

between competing attributes.,

It is anticipated that a group meeting will be held to
explain to the panel members the purpose of the assessments
and the procedure that should be followed. Standard
assessment forms then will be distributed and the members
will be asked to complete the forms one by one. A
statistical anaiysis of the responses on each form will be

made to find whether a reasonable group consensus can be



identified. If the responses are extremely divergent, a

second iteration on some of the forms may be necessary.

Based on the group consensus identified for the various
assessments, a multi-attribute preference functi;n will be
calibrated. The procedure of calibration and the major
implications of the preference function will be described in

a trip report.

Task 4. Develop a computer program for the implementation
of the POS

The overall computer program will consist of the following
components or subroutines,

a. Form cost and performance constraints

For an in-service project, these constraints will be formed
based on NOS results. The upperbound on the project cost
will be the sum of the cost of the optimal NOS action for
each segment in the project. The performance constraints
will be: (i) the minimum probability that a random part of
the project is in acceptable condition at each year during a
planning period (such as five years) and (ii) the maximum
probability that a random part of the project is in

unacceptable condition at each year,

For new construction, the cost constraint probably will come
from the construction priority/optimization system,
Initially, this constraint may have to be set based on past
experience and judgment. The performance constraints will
have to be set by policy decisions; for example, the

expected time to a rehabilitation action should be more than
ten years,



b. Find feasible sets of actions

The cost of a feasible action set for an in-service project
should be less than or equal to the upperbound on project
cost calculated above. 1In addition, the per formance under
the action set, as determined from the POS prediction model
should be equal to or better than the performance

constraints formed from the NOS model.

’

For new construction, the cost of each alternative design
will be determined from the design specifications and
previous cost records. The performance of a new road after
it would be built will be estimated from the appropriate

mechanistic model selected in the previous task,

c. For each feasible action set, calculate the total

expected value

The probability distribution of each attribute will be
determined for the action set using the prediction models.

The total expected value of the action set will then be

calculated from the calibrated preference function.
d. Rank feasible action sets and conduct sensitivity
analyses

The feasible action sets will be ranked in a decreasing
order of total expected value. The sensitivity of the

ranking will be examined with regard to factors such as:
differences of opinions on acceptable tradeoffs between

competing attributes and policy requirements for pew
construction.



Task 5. Test and revise POS, as appropriate

The development of the computer program will be completed at
the Consultant's office. The program will be then installed
and tested on KDOT's computer facilities. Two alternative

facilities will be considered: the PLEXUS P/40 and the IBM

mainframe. The preferred alternative will be the
PLEXUS P/40 system.

Input data for testing the POS will be provided by KDOT. A
total of ten test projects (five in-service and five new
construction projects) might be selected. The results of
POS runs for these projects will be subjected to a "test of
reasonableness;" Is the selection of the preferred action
set as expected? Do the results show expected trends? Any
problems revealed through the examination of these actions

will be identified and appropriate revisions to the computer
program will be made.

Task 6. Prepare a final report

The final report will document the development of the POS.
The prediction models and the preference functions will be
fully described, and the testing results will be discussed.
A user manual will also be prepared to describe the

input-output characteristics of the computer program.

(B) NOS Decbuqgqing Tasks

Task 1. Complete the development of interim prediction
models

During the current phase of the NOS study, the assessment of
subjective data will be completed for all road categories.

However, data for only one road category, (RC will have

157 ¢
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been analyzed. 1In the proposed task, data for all the
remaining categories will be analyzed to determine the
consensus values of all the necessary transition
probabilities. KDOT will have the responsibility of
providing the data from the assessment forms on ‘computer
cards or tape. The format for compiling the data will be
specified by the Consultant. After identifying the
consensus response for each assessment form, a computer tape
of the transition probabilities will be submitted to KDOT.
These probabilities will then be checked by KDOT personnel
for consistency across different road categories and
different actions. Appropriate changes will be made by KDOT
in the transition probabilities and a revised data tape will
be provided to the Consultant.

Task 2. Run NOS programs for all road categories

In the current phase, NOS programs will be tested for road
category 15. In the proposed task, NOS programs will be run
for all the remaining road categories. The data on costs of
alternative actions, specification of feasible actions and
performance standards, and current network conditions should
be provided by KDOT. The Consultant will compile the
transition probability data and prepare necessary input data
files to run NUS. These data files will be transmitted to
the University of Kansas (KU) personnel, who will run MPSIII
on the University's computer system and prepare a summary

report using the report writer program.

Task 3, Evaluate the reasonableness of results

The results of all the NOS runs will be examined with regard
to the following questions:

~-11-



o Are the optimal actions recommended by NOS for
different condition states reasonable within each

road category?
o) Are the optimal actions for the same Or similar

condition states reasonable across different road

categories?

O Is the effect of changing performance standards on

budget levels according to expectations?

o) ls the division between the proportions of roads
assigned to do nothing, routine maintenance, and
rehabilitation reasonable?

1f the examination of the above guestion reveals that some
of the results are unrecasonable or unexpected, causes of
such results will be identified and discussed with KDOT.
Examples of such causes are overly optimistic or pessimistic
transition probabilities for certain actions, inflexible
specification of feasible actions, incorrect cost estimates,

and unreasonable performance standards.

Task 4. Revise the NOS software as necessary

Appropriate changes in the NOS software will be made to
correct the problems identified in the previous task.
Additional NOS runs will be made as necessary to make sure
that NOS recommendations are reasonable and according to
prior expectations. As in the previous task, input data
files will be prepared by the Consultant to make the

additional runs. The actual runs will be made by the KU
personnel.
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Task 5. Develop software to prepare a list of road segments
and recommended actions

The NOS runs will identify the optimal action for each
condition state. Additional software will be nébessary to
access the data base system and to identify the condition
state of each mile. A list of the condition state, the
recommended action, and its cost can then be prepared. This

task will be the responsibility of KDOT with the Consultant
advising as necessary.

Time Schedule and Cost Estimates

A time schedule for completing the proposed work is shown in
Figure 2. Note that the time estimates assume that running
of NOS problems on MPSIII by KU personnel will be completed
in two to three weeks after the input data files have been
provided by the Consultants. Table 1 shows estimates of

person-hours [or various tasks. A detailed breakdown of

costs i1s included in Table 2.

-1 3~



TABLE 1. ESTIMATES OF PERSON-HOURS

(A) POS Tasks

No. of Person-Hours for Given Task

Personnel 1 2 3 4 3+- b Total
R. Kulkarni 100 100 60 100 100 100 560
F. Finn 50 100 50 - 50 50 300
Project Engineer - 200 100 100 60 60 520
Senior Staff Engineer - 90 100 400 100 40 730
Typing and Drafting 20 20 60 20 20 100 240

Total 170 510 370 620 330 350 2350

(B) NOS Tasks

No. of Person-Hours for Given Task

Personnel 1 2 3 4 5 Total
R. Kulkarni 30 30 30 30 10 130
F. Finn - - 72 - 72
Staff Engineer 100 100 60 100 360

Total 130 130 170 130 10 570



TABLE 2-~-a,.

(A) Salaries and Wages

COST BREAKDOWN FOR POS TASKS

Personnel Hourly Rate Hours  Estimated Cost

R. Kulkarni $26.44 560 $ 14,806

Project Engineer 22.72 520 11,814

Sr. Staff Engineer 15.60 730 11,388

Typing and Drafting 12,00 240 2,880
Subtotal $ 40,888

{B) Consultant Fees

F. Finn $50.00 300 $ 15,000

(C) Miscellaneous

Computer Time $ 16,850

Telephone and Postage 2,000
Subtotal $ 18,850

(D) Travel

Airfare 6 person-trips 8 $700 $ 4,200

Subsistence 24 person-days @ $60/day 1,440

Car rental 12 days @ $50/day _ 600
Subtotal $ 6,240

(E) Overhead

180% of Salaries and Wages $ 73,598 .

Total Estimated Cost $154,576
(F) Fixed Fee
(108 of Total Estimated Cost) $ 15,458

Total Estimated Cost Plus Fixed Fee

$170,034



TABLE 2-b. COST BREAKDOWN FOR NOS TASKS

(A) Salaries and Wages

Personnel Hourly Rate
R. Kulkarni $26.44
Staff Engineer 14.00

(B) Consultant Fees

F. Finn $50.00

{C) Miscellaneous

Computer Time
Telephone and Postage

(D) Overhead

180% of Salaries and Wages

Total Estimated Cost

(') Fixed Fee

(10% of Total Estimated Cost)

Hours Estimated Cost
130 S 3,437
360 5,040
Subtotal S 8,477
12 $ 13,600
$ 5,000
300
Subtotal $ 5,300
$15,259
$32,636
S 3,264

Total Estimated Cost Plus Fixed Fee

$35,900



POS Development

NOS Debugging

Total

TABLE 2-c SUMMARY OF COSTS
Estimated Fixed Total Cost
Cost Fee + Fee
$154,576 $15,458 $170,034
32,636 3,264 35,900
$187,212 $18,722 $205,934
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AMENDMENT AND SUPPLEMENT TO KANSAS DEPARTMENT OF
TRANSPORTATION CONSULTANT AGREEMENT

This Amendment is made and entered into this 7 day of

,Qjaru43r1{1985ﬂbby and between the Secretary of Transportation of

the Stat® of Kansas, hereinafter referred to as "Secretary", and
Woodward-Clyde Consultants, consulting engineers -“with principal
offices in Walnut Creek, California, hereinafter referred to as
"Consultant."

WITNESSETH:

WHEREAS, this Consultant has technical expertise in Pavement
Management pursuant to the Agreement for Engineering Services

dated November 1, 1983, hereinafter referred to as "Contract",
and,

WHEREAS, it 1is in the best interest of the Secretary to
complete development of the Total Pavement Management System at
the earliest feasible date, and,

WHEREAS, it would be to the best interest of the Secretary
that said Consultant continue to provide engineering services
necessary for the development of a Total Pavement Management
System as set forth in the Contract, and,

WHEREAS, the Secretary now has the data and resources
necessary to allow the Consultant to complete development of the
Total Pavement Management System, and,

WHEREAS, the Consultant has submitted a work plan including a
budget and a time schedule dated October 4, 1985, hereinafter
referred to as "Proposal", which completes development of the
Total Pavement Management System for Kansas, and which is
acceptable to the Secretary, and,

WHEREAS, it is in the best interests of the parties to have
an amended and supplemental agreement to allow for additional
time, supplemental work, and increased fees, costs and expense of
the Consultant due both to changed conditions in the original
Contract and to additional tasks previously reserved for the
fourth and fifth contract phases.

NOW THEREFORE, upon mutual promises and consideration herein
before made, the parties agree to amend and supplement the
Contract attached hereto and incorporated by reference herein, to
include the tasks, budget, and time schedule designated and
described in the Proposal, also attached hereto and incorporated
by referen¢e herein, to provide the following:

1. Upon completion, Tasks 1 - 4, Tasks 6 - 8, and part of
Task 15 as described and outlined on pages 1, 3, 4, 5, 6, 7, and
18 of the Proposal are acknowledged by the Secretary as the
remaining work originally called for in the Contract.



2. Task 5, Tasks 9 - 14, and the remainder of Task 15 as
described and outlined on pages 1, 5, 6, 7, 8, 9, and 10 of the
Proposal are added to the Contract and are acknowledged by the
Secretary as the remaining work originally designated for Phases
IV and V necessary to complete PMS development for Kansas.

-

3. Task 16 of the Proposal is excluded from this amended and
supplemental agreement.

4. Article 1, Section 5 of the Contract 1is amended as
follows:

a) The net fee amount of $18,722 is increased by $23,691
to $42,413.

b) The wupper 1limit of compensation of 5205,934 is
increased by $260,684 to $466,538.

c) The original and amended upper limits specified in 4
(b) do not include $4847.81 paid in June, 1985 for
work beyond the scope of the Contract.

) The time for submission of the voucher Ffor final
payment for the Project 1is amended to be after
completion and approval by the Secretary of all tasks
except task 16 in the Proposal.

5. Article II, Sections 1 and 2 of the Contract are amended
to require a working PMS acceptable to the Secretary at the
conclusion of this amended and supplemental agreement, including

completion of Tasks 1 - 15 of the Proposal within 13 months from
this date.

6. The parties agree that all terms of the original
Consultant Agreement and attachments of the original agreement
including and not limited to non-discrimination clauses approved
by the parties, will have full force and effect and the only
modifications in the Contract will be the new completion date,
contract amount, and additional tasks set forth.

IN WITNESS WHEREOF, the parties have caused this Amendment
and Supplement to Kansas Department of Transportation Consultant
Agreement to be signed by their duly authorized officers on Lhe
day and year first above written.

ot B Y b Al Lse g

WOODWARD-CLYDE CONSULTANTS JOHN B, KEMP 67

Secretary of Transportation
of the State of Kansas

W. H. WRIGHT

State Transportation Engineer
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04 October 1985
85P2057

Mr. G. Norman Clark, P.E. )
Kansas Department of Transportation -
2300 Van Buren Street

Topeka, KS 66611

Dear Norman:

Pursuant to our telephone conversation, 1 am writing to provide cost
estimates to complete the PMS development for Kansas. The original plan
for PMS development included five phases which were described in my
letter of 17 June 1982 addressed to Mr. Glen Koontz. Since an adequate
amount of pavement condition survey data are now available, NOS and POS
prediction models based on objective data can pe developed. Thus, the
remainder of Phase IlI work and the work in Phases 1V and V can now be
combined into a single phase to be completed by December 1986. The
enclosed report defines and briefly describes the tasks necessary to
complete the PMS development and provides task-by-task estimates of the
level of effort and costs.

1t should be noted that the scope of current Phase 111 work included the
development of POS prediction models based on objective data, an activity
that was originally included in Phase 1V. Also, a complete optimization
capability is provided in the POS developed in the Phase 111 work; the
original Phase 111 plan included only a priority ranking procedure and
not an optimization method. Consequently, the cost for completing

Phase 111 will be greater than our original estimate. However, the
estimated costs for completing Phases IV and V are now lower than the
original estimates because part of the Phase ]V work will be completed ip
Phase I11. In fact, the total costs of completing the remaining Phase
L1l work and the work in Phases 1V and V are about the same (except for
inflation adjustment) as our original estimates for completing Phases 1V
and V. 1 hope that you will understand that in a multi-year research
study, some shifting of the level of effort and cost from one part of the
study to another is quite likely to happen.

Please call me if you have any questions or need additiona) information.
Sincerely,

Q/"\,\"\ Q : \\/pj(vqx.(’.t,,t/w{./

Ram B. Kulkarni
Project Manager

RBK:RK-0055p*

encl.

Consubng Engineers Geologats
b ovionniental Scientints

Ul o Ot Ponc ol Cieess



WORK PLAN TO COMPLETE THE PMS DEVELOPMENT FOR THE STATE OF KANSAS

This work plan describes the tasks necessary to complete the PMS

development for Kansas and provides task-by-task estimates of level of

effort and costs. A time schedule to complete the various tasks is also

included.

Task Descriptions

The following tasks will be necessary to complete the deveiopment of

a comprehensive Pavement Management System (PMS) for the Kansas

Department of Transportation (KDOT):

Task 1.

Task

Task

Task

Task

Task

Task

Task

(S

Calibrate a mechanistic reflection cracking model.
Calibrate a mechanistic transverse cracking model.
Develop a mechanistic roughness mode).

Develop empirical models for block cracking, faulting, and
Joint distress.

Develop mechanistic/empirical models for Partial Design
Bituminous (PDBI1) pavements.

Complete the development of Project Optimization System
(POS) software.

Install and'test POS software on KDOT's computer facilities.

Develop procedures for updating and recalibrating POS
prediction models as additional data are generated.



Task 9. Establish procedures for modifying Network Optimization

System (NOS) prediction models using objective data.

Task 10. Develop NOS prediction models based on objective data.

Task 11. Test and revise NOS with the latest prediction models.
Task 12. Test and revise POS with the latest prediction models.

Task 13. Assist in using the complete system (NOS and POS) to develop
pavement preservation programs and budgets.

Task 14. Write a report describing procedures to update NOS
prediction models.

Task 15. Prepare a final report on the development of POS.

Task 16. (Optional) Develop a methodology to select optimal pavement
preservation policies for all road cateqories
simultaneously, subject to budgetary restraints.

Note that Tasks 1 through 4, Tasks 6 through 8, and part of Task 15
belong to the remaining Phase III work. The remaining tasks (except for
Task 16) belong to the original Phase IV or V work. Task 16 is optional
and was not included in the original work plan. The need for this task
has arisen because KDOT finds that the NOS runs have to be made in a
fixed budget mode. An efficient method for finding optional policies

under an overall network budget constraint, therefore, would be very
desirable.

A brief description of each of the sixteen tasks is provided below.



Task 1. Calibrate a Mechanistic Reflection Cracking Mode)

Reflection cracking on composite pavements will result in transverse
cracking. The basic objective of this task will be to calibrate the
existing reflection cracking analysis and overlay design program (KANRC)
based on the performance of overlay sections in Kansas.w The key
technical activities in this task will be as follows:

1. Obtain meteorological data on minimum daily temperatures during a

year.

2. Obtain or estimate in situ measurements of horizontal slab

movements over a two- or three-day temperature cycle.

3. Obtain measurements of per cent reflection cracking from field

"calibration" sections.

4. Predict horizontal movements for field calibration sections which

have already been overlayed.

5. Tabulate reflection crack history for all field calibration

sections.

6. Obtain or assign structural and material properties for each field

calibration section,
1. Use the KANRC program-to generate the critical asphalt concrete
overlay tensile strains necessary to develop and calibrate a

cumulative damage model.

8. Incorporate the revised damage model into the KANRC program.



Task 2. Calibrate a Mechanistic Transverse Cracking Model

The objective of this task will be to develop a cumulative damage
model (similar to that described in Task 1) which can be used to predict
low-temperature and hence transverse cracking on Full DeEsign Bituminous
(FDBIT) pavements. The specific technical activities under this task are
similar to those for Task 1. In this case, the COLD program will be used
to develop the associated low-temperature stresses for each of the FDBIT
overlay sections for which empirical performance data are available.

Work by M.Y. Shahin on low-temperature cumulative damage models for Texas

will be combined with COLD as a starting point for the Kansas model.

Task 3. Develop a Mechanistic Roughness Mode)

The objective of this task will be to develop a roughness-bhased
cumulative damage model based on (1) the model being developed for
Arizona DOT and (2) the performance of experimental test sections in
Kansas. The nature of the Arizona model makes it possible to consider
seasonal variation of roadbed soil support in developing the new model.

Below is a list of the key subtasks associated with the proposed approach:
(1) Identify the "best" sections (up to ten) for use in developing
the model. (Selection criteria are based on the availability

and extent of structural and performance data.)

(¢) ldentify the pavement and roadbed soil material properties for

each season of the year.

(3) Tabulate the cumulative traffic versus roughness (Maysmeter)

history for each of the ten sections selected in (2) above.

4



(4) Predict the critical pavement response (asphalt concrete tensile
strain, surface deflection, or roadbed soil vertical stress) for

each season of each section.

(5) Use the Arizona model to determine the "effective® pavement

response for each section.

(6) Develop a regression model which correlates roughness history

with cumulative traffic and the "effective" pavement response.

(7) Document model development.

Task 4. Develop Empirical Models for Block Cracking, Faulting, and Joint

Distress

Multiple regression analysis will be used to estimate the probability
of occurrence of a given distress level as a function of variables such
as material properties, type of rehabilitation action, environmental

conditions, and traffic.

Task 5. Develop Mechanistic/Empirical Models for Partial Design

Bituminous (PDBIT) Pavements

Models will be developed to predict fatigue cracking and transverse
cracking on PDBIT pavements. The Probability Distress Models for Asphalt
Pavements (PDMAP) program will be used as a basis for the development of
a fatigue cracking model. The mode] developed in Task 1 will be used for
the prediction of transverse craéking. Both of these models will be
calibrated with observed performance histories of sample POBIT
pavements. Procedures for material testing will be identified in order
to develop the 1nputs for structural analysis. It is anticipated that
much of the testing data developed for full design bituminous pavements



can be used for PDBIT pavements as well and that significant additiona)l

testing will not be required.

Task 6. Complete the Development of POS Software -

POS will consist of two separate but interrelated computer programs:

1. Program SCREEN - This program compares alternative sets of actions

for each project under consideration and screens out the sets of
actions which do not meet NOS performance standards. The benefit

is computed for each of the remaining sets of actions.

2. Program SELECT - This program selects the optima) group of

project-action combinations that maximizes the total benefits

subject to specified budgetary constraints.

Both of these programs have been partially developed. The primary
remaining work is to incorporate the performance prediction models once
such models are finalized in the previous tasks. The program SCREEN
needs access to large NOS data files and hence has been designed in PL/I
to be executed on KDOT's main-frame computer. The program SELECT has
been written in FORTRAN and can be executed on the PLEXUS P/40 available
at the KDOT Materials Research Center.

The program SELECT is essentially complete; only certain report

formats need to be written. The program SCREEN can be computed only

after the performance prediction models are finalized.

ask 7. Install and Test POS Software on KDOT's Computer Facilities

The program SCREEN will be installed on KDOT's main-frame computer,
and the program SELECT wi}] be installed on the PLEXUS P/40 system.

6
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After implementing SCREEN, the output files will be transferred to the
PLEXUS system and will serve as input to the program SELECT. The program
SELECT will evaluate alternative project-action combinations and find the
optimal combination, i.e., the combination that will maxjpize benefits
subject to an overall budget constraint. Both the programs -- SCREEN and
SELECT -- will be tested with real data, any bugs or potential problems
will be identified, and appropriate revisions to the programs will be
made.

Task 8. Develop Procedures for Updating and Recalibrating POS Prediction
Models as Additional Data Are Generated

Additional experimental and field data on pavement conditions and
material properties will be generated by KDOT staff through future
pavement condition surveys and laboratory testing. Procedures will be
developed in this task to utilize the future data to update and
recalibrate POS prediction models for different distress types. The
approach will be to modify the input parameters of the models by using
the total data base of information available to date. Recalibration of
the models will be possible through correlation/regression analysis of
the cumulative pavement condition data.

Task 9. Establish Procedures for Modifying NOS Prediction Models Using
Objective Data

The current transition probabilities in NOS prediction models were
developed based on subjective Judgments of KDOT engineers. By July,
1986, five years of pavement condition data will be available and can be
used to derive the transition probabilities. Procedures will be
established to calculate transition probabilities based on bhoth the
inftial subjective estimates and estimates that could be obtained
directly from the objective (field) data. The approach will be to count



the number of transitions made from one condition state in a given road
category to other condition states in one year. By calculating the
proportion of the total number of transitions from condition state § to
condition state j following action ay the transition prgpabi]ities

pij (ak) can be estimated from the analysis of the field data. To
combine the subjective and objective estimates of transition
probabilities, appropriate weights will be assigned to the two sets of
estimates, and weighted average transition probabilities will be
calculated. The weight assigned to the objective estimates may be the
number of transitions on which the estimates are based. The weight
assigned to the subjective estimates will have to be assessed by
considering the equivalent number of transitions that the consensus
subjective estimate may be assumed to represent. Ffor example, the
equivalent number of transitions may be assumed to be equal to the
cumulative number of years of experience exhibited by the panel of
maintenance engineers who provided the subjective estimates of transition

probabilities.

Task 10. Develop NOS Prediction Models Based on Objective Data

The procedures developed in Task 9 will be implemented to obtain
transition probabilities that utjlize both objective and subjective data
Wwith appropriate relative weights assigned to the sources of data. It is
anticipated that KDOT staff will be responsible for processing the
pavement condition survey data to produce the data summaries required for
the estimation of transition probabilities. The Consultant will identify
the necessary data summaries and advise KDOJ staff regarding
data processing activities to produce these summaries. The Consultant
will write a computer program to obtain updated transition
probabilities. This program will be designed to run on the PLEXUS
system. The KDOT staff will execute this program to generate updated
transition probabilities, which will be used in subsequent NOS runs.



Task 11. Test and Revise NOS with the Latest Prediction Models

The Consultant will assist the KDOT staff as necessary to run
steady-state and five-year NOS problems for all road categories with the
latest NOS prediction models. The Consultant will review the summary
results from these runs and will assist KDOT in assessing the
reasonableness of the results. Projections of expected budgets and
performance will be examined to check whether they are realistic and
consistent with previous experience. If any problems are found in the
process of interpreting and evaluating results, the causes for these
problems will be identified, and appropriate revisions to the NOS
software or inputs will be made.

Task 12. Test and Revise POS with the Latest Prediction Models

The Consultant wil) assist KDOT in executing the POS software using
the latest NOS and POS prediction models. Assistance will also be
provided in interpreting POS results and selecting project-specific
rehabilitation actions. The results will be examined for reasonableness
and consistency with previous experience. Any deficiencies tdentified in
the POS software or inputs will be corrected.

Task 13. Assist in Using the Complete System (NOS and POS) to Develop
Pavement Preservation Programs and Budgets

The complete system will be checked to make sure that the individual
systems (NOS and POS) and the interface between the two systems are
working properly. The Consultant will assist KDOT 4n the development of

multi-year pavement preservation programs and budgets using the results
of NOS and POS.



Task 14. Write a Report Describing Procedures to Update NOS Prediction
Models

A report will be prepared to describe procedures for updating NOS
prediction models as pavement condition data are generated each year.
These procedures will be illustrated with the data used in Task 10 to
revise the initial NOS prediction models.

Task 15. Prepare a Final Report on the Development of POS

The final report will describe POS framework and document the
development of the mechanistic/empirical prediction models and of the POS
software. A user manual will also be prepared to describe the

input-output characteristics of the various POS computer programs,

Task 16. (Optional) Develop a Methodology to Select Optimal Pavement

Preservation Policies for all Road Cateqories Simultaneously, Subject to

Budgetary Constraints

The current NOS optimization model seeks maintenance policies that
minimize total expected costs subject to achieving prescribed performance
standards. This approach permits analyzing each road category
separately. The total minimum cost for the entire network would then be
the sum of the minimum costs for the individual road categories.

Htowever, 1f this model is to be used in a fixed-budget mode (i.e.,
maximize performance standards subject to a fixed budget constraint), an
iterative procedure is necessary. If the same performance standards
applied to all road categories, then systematic changes (upward or
downward) in these standards can be made unti] a match with the available
network budget {is obtained. However, if different performance standards
are selected for various road categories to reflect different traffic

Tevels and functional classes, then there could be several alternative
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combinations of performance standards, all of which could meet a fixed
budget constraint. It may be a very time-consuming and tedious process
involving several iterations to find the combination that meets the fixed
budget constraint and provides a reasonable distribution of performance
among the various road categories. Basically, the curreijt NOS
optimization model was designed to work in the cost minimization mode and
is not well suited in a fixed-budget mode. My letter of February 17,
1984, addressed to Mr. G. Norman Clark describes and approach to operate
NOS either in a fixed-performance mode or a fixed-budget mode at the
discretion of the user. This optional task wil) develop and implement
such an approach. This will provide the ability to analyze all road
categories simultaneously to directly determine the maximum performance
standards that could be achieved for a fixed budget for the entire
network.

ESTIMATLS OF LEVEL OF EFFORT AND BUDGE]

Table 1 shows the number of person-hours of various individuals
assigned to each of the tasks. Table 2 provides budget estimates for

Tasks 1 through 15. The estimated budget for the optiona) Task 16 is
shown in Table 3.

TIME SCHEDULE

Figure 1 shows a time schedule for ifnitiating and completing cach of the
sixtcen tasks.
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Table 2. BUDGET ESTIMATES FOR TASKS ] THROUGH 15

Personnel Hourly Rate Hours Cost
(A) SALARIES AND WAGES
R. Kulkarni $37.24 870 $ 32,399
E. Alviti/Staff Engr. 19.04 1284 24,447
Drafting 16.00 160 2,560
Typing 14.00 330 4,620
Subtota) $ 64,026
(B) CONSULTANT FEES
F. Finn $62.50 680 $ 42,500
(C) MISCELLANEOUS
Computer Time $ 3,500
Telephone and Postage 2,000
Report Production 2,000
Subtotal $ 7,500
(D) TRAVEL
Airfare 8 person-trips
@ $700/trip 35,600
Subsistence 24 person-days
© $60/day 1,440
Car rental 12 days
@ $50/day 600
Subtota) $ 7,640
(E) OVERHEAD
180X of Salaries and Wages $115,247
TOTAL ESTIMATED COST $236,913
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Table 2. BUDGET ESTIMATES FOR TASKS ] THROUGH 15 (concluded)

Hourly Rate Hours Cost

(F) FIXED FEE
10% of Total Estimated Cost $ 23,691
TOTAL ESTIMATED COST PLUS FIXED FEE $260, 604

14



%

Table 3. BUDGET ESTIMATES FOR OPTIONAL TASK 16

Personnel Hourly Rate Hours Cost
(A) SALARIES AND WAGES
R. Kulkarni $37.24 135 $ 5,027
E. Alviti 19.04 580 11,043
System Analyst 22.00 590 12,980
Subtotal $29,050
(B) MISCELLANEOUS
Computer Time $ 5,000
Telephone and Postage 1,000
Report Production 1,000
Subtotal $ 7,000
(C) TRAVEL
Airfare 2 person-trips
@ $700/trip $ 1,400
Subsidence 6 person-days
@ $60/day 360
Car rental 3 days
@ $50/day __ 150
Subtotal $ 1,910
(0) OVERHEAD
180% of Salarijes and Wages $52,290
TOTAL ESTIMATED COST $90, 250
(E) FIXED FEE
10% of Total Estimated Cost $9,025
TOTAL ESTIMATEﬁ COST PLUS FIXED FEE $99,275
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TASK NO.

NUMBER OF MONTHS FROM PROJECT INITIATION
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15

16

(optional}

Figure 1. TIME SCHEDULE
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January _IC, 1990 “

MEMORANDUM OF UNDERSTANDING
BETWEEN
THE ALASKA DEPARTHMENT OF TRANSPORTATION
AND PUBLIC FACILITIES

AND

THE ARIZONA DEPARTMENT OF TRANSPORTATION
AND

THE KANSAS DEPARTHMENT OF TRANSPORTATION

I BACKGROUND

The Kansas Department of Transportation (KDOT) has imple-
mented a Network Optimization System (NOS) which maximizes bene-
fits from the expenditure of rehabilitation funds. This system
is one of three modules in KDOT's Pavement Management System.

The model used in the current NOS directly addresses the
gquestion "what are the minimum budgelt requirements necessary to
maintain prescribed performance standards?” The reverse ques-
tion, "what maximum performance standards can be maintained from
a fixed budget?", can only be answered through an iterative
approach. In a constrained funding environment, the reverse
question must always be answered requiring solutions of multiple
linear programming problems. This approach places heavy demands
on computer resources. Also, the resulting solution is question-
able since several combinations of performance standards can be
chosen which will allow the "solution"/"optimal rehabilitation
strategy" to meet the fixed budget.

Because of a need to more directly address the "fixed budg-
et" solution, KDOT has entered into a consulting engineering
agreement to enhance the methodology used in NOS. The enhance-
ment will provide:

° Two options for the Objective Function -- Minimize Costs
or Maximize Benefits.

° Optimal Allocation of the Tctal Network Budget Amonyg
Individual Road Categories, and identification of total
benefit for individual road categories.

ITI SCCPE of MEMORANDUM OF AGREEMENT

The methodology currently used in KDOT's NOS is identical to
that used in software operated by the Alaska and Arizona Depart-
ments of Transportation. Further, the enhanced algorithm to be
developed for KDOT is directly applicable to these agencies.

Because of mutual needs, the Alaska Department of Transpor-
tation and Public Facilities, and the Arizona Department of
Transportation agree to participate with KDOT in the development
effort and will receive full benefits from the enhanced system at
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approximately one third of the development cost. At the conclu-

sion of

the development effort, each state will receive:
The enhanced software package written in PL/1
The user manual

Assistance in system installation from KDOT's consultant

The cost estimate for the NOS enhancement is as follows:

Consultant fees for development, testing, installation

and manuals (contract upper limit) —----c—————-- $146,247
Data Transmission Costs —----=-—memmmmccnmmm e eee $ 19,753
Data Processing COStS =—=-—=-emecccmcm e $ 83,000
Estimated Total CoOSt —wememmemmm e e $249,666
Cost to each state (1/3 of Total) --------—=--- $ 83,000

To facilitate the development effort, each of the three
states shall:

Convert to latest NOS-3 Version (Presently running in
Alaska under vM/cms). (1

Convert VM/CMS command files to MVS/WILBUR or MVS/ROSCOE
command files if the state plans to use MVS/WILBUR or
MVS /ROSCOE.

Use MPS -III (Preferably with WHIZARD), or if MPSX is
used, convert MPS-III/VM command files to MPSX/MVS
command files.

Write their own Report Writer Programs (Beyond those
provided by NOS-3).

Provide a "Road Segment Infeormation File" to run program
NETWRT.

Provide a SXSIN file compatible with NOS-3.

Provide transition probabilities in fixed format (not E
format).

Provide "benefit coefficients" for different distress
states.

Provide “'relative importance factors" for individual
road categories.(z)

(1o be provided by KDOT's consultant. Page 2
(2)procedure to be provided by XKDOT's consultant.



IIT ITHPLEMENTATION

Implementation of this joint development effort will incluc=
the following activities by the Departments of Transportation in
Alaska, Arizona, and Kansas:

A. Alaska

Provide computer resources necessary for development.
These resources are estimated at 100 CPU hours and are
valued at approximately $83,000.

Oversee installation and operation of a data communica-
tions link between Juneau, Alaska, and Oakland, Califor-
nia. (Costs for installation and operation are to be
billed to KDOT)

B. Arizona

Participate in the development costs billed to KDOT in
an amount not to exceed $73,124.

Participate in the data transmission costs billed to
KDOT in an amount not to exceed $9,876.

C. Kansas

Administer consultant contract

Keep Alaska and Arizona informed on project development
progress.

Pay all contract development charges from the consultant
up to the contract upper limit of $146,247; and all data
transmission charges up to $19,753 for the joint devel-
opment effort.

Bill the Arizona DOT for one half of all development,
and one half of all data transmission charges up to
Arizona's agreed levels of participation.

IV DEVELOPMENT SCHEDULE

Model Development 01/15/90 to 05/15/90
Software Development 04/15/90 to 10/15/90
Software Testing and Revision 08/15/90 to 12/15/90

User Manual 11/15/90 to 01/15/91
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YV WITHNESS

ing is mutually acceptable, and is in effect for the duratlon of
the described development effort beginning on the day and year
written above.

STATE OF ALASKA STATE OF ARIZONA
Department of Transportation Department of Transportation
and Public Facilities

By: ﬂ,/% 2 i;a/é/\ S ZLJLZ:
f¢ Ottesen d/aé, Robert P. Mickelson
Directox of Operation d f Deputy State Engineer

e
Engineering Standards

STATE OF KANSAS
Department of Transportation

By QWM%

WYM. Lackey
State Transportatlon Engineer
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